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Introduction: It is crucial to understand the complex processing of  acoustic stimuli along the au-
ditory pathway ;comprehension of this complex processing can facilitate our understanding of the 
processes that underlie normal and altered human communication. 
Aim: To investigate the performance and lateralization effects on auditory processing assessment 





Results:7KHHIIHFWVRI ODWHUDOL]DWLRQZHUHREVHUYHGRQO\ LQWKH6/,JURXSZLWKWKH OHIWHDU
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Associação entre transtornos no desenvolvimento de linguagem e processamento auditivo
Resumo
Introdução: Entender como os estímulos acústicos são processados ao longo da via auditiva é fun-
GDPHQWDOSDUDFRPSUHHQGHURVSURFHVVRVTXHVXEMD]HPjFRPXQLFDomRKXPDQDQRUPDOHDOWHUDGD
Objetivo: Investigar o desempenho e efeitos de lateralidade na avaliação do processamento 
DXGLWLYRHPFULDQoDVFRPGLVW~UELRHVSHFtÀFRGHOLQJXDJHP'(/FRPSDUDQGRRVUHVXOWDGRV
3OHDVHFLWHWKLVDUWLFOHDV5RFKD0XQL]&1=DFKL(&7HL[HLUD5$$9HQWXUD')%HÀ/RSHV'06FKRFKDW($VVRFLDWLRQEHWZHHQODQJXD-
ge development and auditory processing disorders. Braz J Otorhinolaryngol. 2014;80:231-6. 




$ERXW  RI FKLOGUHQ KDYH VLJQLÀFDQW GLIÀFXOW\ LQ IXQF-
WLRQDO ODQJXDJH UHFHSWLYH DQGRU H[SUHVVLYH ODQJXDJH
GLVRUGHUVIRUQRDSSDUHQWUHDVRQ,QRWKHUZRUGVWKHVH
children have language alteration in the absence of hea-
ULQJORVVFKDQJHVLQFRJQLWLYHGHYHORSPHQWVSHHFKPR-
WRU GHYHORSPHQW LPSDLUPHQW SHUYDVLYH GHYHORSPHQWDO
GLVRUGHUVDQGDFTXLUHGVHQVRULQHXUDOFKDQJHVDQGV\QGUR-
mes and in neurological lesions.This type of language 
GLVRUGHUKDVEHHQGHÀQHGLQPRVWVWXGLHVDVVSHFLÀFODQ-
JXDJHLPSDLUPHQW6/,
'HVSLWH QHDUO\ D FHQWXU\ RI UHVHDUFK LQYHVWLJDWRUV KDYH
not reached a consensus on the physiological basis of causation 
of this disorder involving language development yet.
One possible theory suggests that one of the reasons for 
WKHRFFXUUHQFHRIVSHFLÀFODQJXDJHLPSDLUPHQWLVUHODWHGWR
changes in abilities to process sounds and to abnormalities 
LQWKHQHXUDOFRGLQJRIDXGLWRU\LQIRUPDWLRQ contributing 
to changes in the perception of critical acoustic cues con-
tained in the speech signals.
The basic idea is as follows: the perception of those 
VKRUWTXLFNDFRXVWLFVLJQDOVVXFKDVVSHHFKVRXQGVLVUH-




can be said that the auditory perception is the result of the 
auditory signal processing. When a change occurs in this au-
GLWRU\SURFHVVLQJKHQFHDQLQVWDELOLW\LQWKHUHSUHVHQWDWLRQ
RIVSHHFKVRXQGVSKRQHPHVWKLVDOVRRFFXUVLQWKHEUDLQ
This instability of the representation of speech sounds can 
OHDG WR D GLIÀFXOW\ LQ XQGHUVWDQGLQJ WKH VSHHFK RI RWKHU
SHRSOHDQGDOVROLPLWVWKHDELOLW\WRDFTXLUHWKHSKRQRORJL-
FDOV\QWDFWLFDQGVHPDQWLFHOHPHQWVRIODQJXDJH




ditory processing in children with SLI7-9DQGFRQVHTXHQWO\
the etiological causes of disorders in language development 
remains controversial.
From the previously established relationships between 
WKHFRGLQJRIVSHHFKDQGODQJXDJHVNLOOVZHLQWHQGWRVWXG\
the auditory processing and possible effects of laterality in 
FKLOGUHQZLWK6/,UHODWLQJWKHPWRWKHVHRXWFRPHVIRXQGLQ
FKLOGUHQZLWKDXGLWRU\SURFHVVLQJGLVRUGHU $3'DQGZLWK
W\SLFDO GHYHORSPHQW 7' WKURXJK EHKDYLRUDO PHDVXUHV
7KHK\SRWKHVLVLVWKDWWKHGLIÀFXOWLHVLQVSHHFKSURFHVVLQJ
DUHGLUHFWO\UHODWHGWRDGHÀFLWLQDXGLWRU\SURFHVVLQJ
We hope this study will provide new information on the 
FHQWUDODXGLWRU\IXQFWLRQLQJLQFKLOGUHQZLWK6/,DOORZLQJD
better understanding of this disorder and more appropriate 
and effective therapeutic interventions.
Material and method
This study was approved by the Ethics Committee under 
Protocol 1049/07. The children’s parents or guardians were 
instructed about the procedures of the study and signed a 
term of free and informed consent.
Cases
6HYHQW\ÀYHFKLOGUHQUDQJLQJIURP\HDUVZHUHHYDOXD-
ted. All subjects evaluated had auditory pure tone threshol-






and referred to specialized service.
The subjects were divided into three groups: 
D 7\SLFDO GHYHORSPHQW 7' *URXS  FKLOGUHQ ZLWK
W\SLFDO GHYHORSPHQW DFFRUGLQJ WR LQIRUPDWLRQ REWDLQHG
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FDQ6SHHFK/DQJXDJH+HDULQJ$VVRFLDWLRQ$6+$LHSHU-
formance below normal for their age on at least two tests 
RIWKH+HDULQJ3URFHVVLQJ(YDOXDWLRQEDWWHU\7KHPLQLPXP
assessment battery applied in this group was composed of 
temporal processing and monotic and dichotic hearing tests.
F6SHFLÀFODQJXDJHLPSDLUPHQW6/,*URXSFKLOGUHQ
GLDJQRVHGZLWK6/,XVLQJ LQWHUQDWLRQDO UHIHUHQFHFULWHULD1 
providing at least an average intellectual level in an intel-




central auditory processing were performed.11D0RQRWLF
test – Speech-in-noise test – used to assess the ability of 
auditory closure. This test consists of a list of 10 monosylla-
ELFZRUGVE\HDUWRWDOOLQJYHUEDOVWLPXOLSUHVHQWHGDW
DOHYHORILQWHQVLW\RIG%+/DERYHWKH657REWDLQHGLQ




ponding to the words that were heard. This procedure was 
SHUIRUPHG LQ ERWK HDUV E 'LFKRWLF WHVW ² GLFKRWLF GLJLW
WHVW²XVHGWRDVVHVVWKHÀJXUHEDFNJURXQGKHDULQJDELOLW\
and binaural integration for linguistic sounds. Two numbers 
ZHUH SUHVHQWHG VLPXOWDQHRXVO\ LQ SDLUV LQ HDFK HDU DQG
the child was instructed to repeat both pairs immediately 
DIWHUWKHLUSUHVHQWDWLRQ,QWRWDOSDLUVRIQXPEHUVSHU
HDU WRWDOLQJ  YHUEDO VWLPXOLZHUHSUHVHQWHGDW DQ LQ-
WHQVLW\ OHYHO RI  G%+/ DERYH WKH 657 REWDLQHG LQ WKH





instructed to listen carefully to three stimuli and to res-
pond orally to the order in which the sounds came. If the 
VWLPXOXVZDV DFXWH WKH FKLOGZDV LQVWUXFWHG WR UHVSRQG
ZLWK DQ DFXWH YRLFH DQG LI WKH VWLPXOXV ZDV GHHS WKH
FKLOGZDVDVNHGWRUHVSRQGZLWKDGHHSYRLFH,QWKHHQG
 VHTXHQFHV RI WKUHH VWLPXOL ZHUH SHUIRUPHG DQG WKH
QXPEHURIFRUUHFWVHTXHQFHVZDVFRQYHUWHGWRDSHUFHQ-
tage of hits.
The Speech-in-noise test and “dichotic digit” tests were 
XVHG WR YHULI\ DVSHFWV RI ODWHUDOLW\ 7KHUHIRUH WKH ULJKW
and left ears were evaluated separately. The “pattern of 




7R DFFRPSOLVK WKH VWDWHG REMHFWLYHV WKH VWDWLVWL-
cal method used attempted to compare groups in 
IDFH RI WKH SHUIRUPDQFH LQ WKH HYDOXDWLRQ RI FHQ-
WUDO DXGLWRU\ SURFHVVLQJ 7KLV ZD\ WKH GHVFULSWL-
ve analyses of children’s age and of results of the 
tests were carried out through the construction of 
tables with observed values from descriptive statistics: 
PHDQ VWDQGDUG GHYLDWLRQPLQLPXPPHGLDQ DQGPD[L-
mum. To compare the means of the tests in the three 
JURXSV DQG LQ WKH WZR HDUV HYDOXDWHG WHFKQLTXHV RI
DQDO\VLV RI YDULDQFH $129$ DQG RI DQDO\VLV RI YDULDQ-












Table 1 shows the descriptive statistics of data obtained 
E\ WKH WKUHH JURXSV LQ WKH ´ÀJXUH ZLWK QRLVHµ WHVW 7KH
mean percentage of hits in the left ear was smaller than the 
PHDQSHUFHQWDJHLQWKHULJKWHDULQ$3'&DQG'(/JURXSV
+RZHYHUWKLVHIIHFWRIODWHUDOLW\ZDVVWDWLVWLFDOO\VLJQLÀFDQW
only for SLI group.
,Q FRPSDULQJ WKH KLWV DYHUDJHG LQ WKH ´ÀJXUH ZLWK
QRLVHµWHVWZHREVHUYHGVWDWLVWLFDOO\VLJQLÀFDQWGLIIHUHQFHV
EHWZHHQ JURXSV IRU ERWK WKH ULJKW HDU >)     
S  @ DQG IRU WKH OHIW HDU >)     
























three groups. It should be noted that the percentages pre-
sented are the result of the use of the test in binaural form.
In Table 2 the descriptive statistics of data obtained by 
WKHWKUHHJURXSVLQWKHSDWWHUQRIIUHTXHQF\WHVWDUHOLVWHG
Comparing the mean percentages of correct answers for 
WKH3)7REWDLQHGLQWKHWKUHHJURXSVVWDWLVWLFDOO\VLJQLÀFDQW
GLIIHUHQFHVZHUHGHWHFWHGEHWZHHQWKHJURXSV>) 







0HDQ 6' 0LQLP 0HGLDQ 0D[LPXP F P value
Figure with noise test
7'
RE 98.40   3.74 90  100.00 100   1.00 0.36
LE 98.80 3.31 90 100.00 100
$3'
RE 92.00 9.12 70   90.00 100   1.50 0.23
LE 90.00 10.00 60   90.00 100
SLI
RE 87.20 11.00 70    90.00 100   6.33 0.01**
LE 81.40 15.78 50   90.00 100
'LFKRWLFGLJLWWHVW
7' RE 95.90 6.49 77.50 100.00 100.00   0.92 0.34
LE 95.20 6.76 70.00   95.00 100.00
$3' RE 81.60 16.95 30.00  87.50 100.00   2.82 0.10
LE 77.21 15.86 42.50  80.00   97.50
SLI RE 77.60 16.64 25.00  80.00   97.50 15.79   0.001**





0HDQ 6' 0LQLPXP 0HGLDQ 0D[LPXP
7' 89.60   9.28 65.00 90.00 100.00
$3' 63.00 26.65 0.00 65.00 100.00
SLI 50.20 20.38 15.00 50.00   80.00







< 0.001*** < 0.001*** 0.06
*** p < 0.001. 
 Trend towards significance.
Discussion
7KHUHVXOWVRIWKHEHKDYLRUDOHYDOXDWLRQRIWKHFHQWUDODX-







ULF WUDQVIHURIDFRXVWLF VWLPXOLSUHVHQWHG WKDWFRXOG UHVXOW
LQGLIÀFXOWLHVLQWKHDFFXUDWHSHUFHSWLRQRIVSHHFKDQGWKXV













In that the temporal processing is involved in each test 
XVHG LQ WKLV VWXG\ WR DVVHVV DXGLWRU\ SURFHVVLQJZH UDLVH
WZRK\SRWKHVHV7KHÀUVW LV UHODWHG WR VWXGLHV RI7DOODO 
who attributes abnorlmalities of temporal auditory process-
LQJIRUGHÀFLWVRUGHOD\VLQWKHDFTXLVLWLRQRIODQJXDJH$F-
FRUGLQJWRKLVVWXGLHVFKDQJHVLQWHPSRUDOSURFHVVLQJUHVXOW





creasing the controversy about the aetiology of SLI. Some 
VWXGLHV XVLQJ HYRNHG SRWHQWLDOV9 SV\FKRDFRXVWLF WHVWV13 
and speech perception tests8 showed children with language 
GLIÀFXOWLHVKDGDGHTXDWHSHUIRUPDQFHRQWDVNVRIGLVFULPL-
nation and temporal processing of auditory stimuli. 
The second hypothesis suggests the presence of oth-
er disabilities in children with SLI in addition to those 
responsible for the auditory processing. According to 
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%LVKRSHWDO7WKHODQJXDJHGLVRUGHUVDUHOLNHO\DUHVXOW
RI PXOWLSOH IDFWRUV LQFOXGLQJ DXGLWRU\ SURFHVVLQJ ODQ-
JXDJH SURFHVVLQJ DQG KLJKHU FRJQLWLYH IXQFWLRQV WKDW
act synergistically. This would explain the fact that some 








'HVSLWH WKLV DSSDUHQW FRQWURYHUV\ LW VHHPV DQ LQGLV-
SXWDEOHIDFWWKDWFKLOGUHQZLWK6/,KDYHGLIÀFXOW\ LQWKHLU
SURFHVVLQJVWLPXOLWKDWDUHEULHIRUSUHVHQWHGUDSLGO\1 and 
LQIUHTXHQF\GLVFULPLQDWLRQ16 and have problems with both 
auditory processing and language.6
Another feature found only by the SLI group in our re-
search was a poorer performance of the left ear compared 
WRWKHULJKWHDUERWKIRUPRQRWLFDQGIRUGLFKRWLFWHVWV
+HPLVSKHULFGLIIHUHQFHVDUHHYLGHQWLQWKHQRUPDOSUR-
FHVVLQJ RI VSHHFK VRXQGV17 and the model presented by 
Kimura18 shows a right ear advantage over the left ear for 
VSHHFKVRXQGVSUHVHQWHGLQDGLFKRWLFZD\7KLVDGYDQWDJH
RFFXUV EHFDXVH WKH VSHHFK DXGLWRU\ VWLPXOL FDSWXUHG E\
WKHULJKWHDUDUHGLUHFWO\SURFHVVHGLQWKHOHIWKHPLVSKHUH
WKHPDLQ KHPLVSKHUH UHVSRQVLEOH IRU VSHHFK SURFHVVLQJ




This asymmetry between ears would be expected to de-
FUHDVHZLWKLQFUHDVLQJDJHWKLVLVDOLNHO\PDUNHURIPDWXUL-
ty and of hearing process improvement.19
7KXVZHFRXOGVXJJHVWWKDWWKHGLIIHUHQFHVEHWZHHQ
WKH HDUV IRXQG LQ RXU VWXG\ FRQVLGHULQJ RQO\ FKLOGUHQ
ZLWK 6/,ZRXOGEH FRQVLVWHQWZLWKDEQRUPDOLWLHV LQ WKH
transmission of auditory information from the non-dom-
inant ear toward the dominant hemisphere for speech 
SURFHVVLQJYLDFRUSXVFDOORVXP20 possibly due to a mat-
XUDWLRQDOGHOD\OHVVP\HOLQDWLRQLQWKHLPPDWXUHEUDLQ
or to impairments in the auditory system.21 According to 
0RQFULHII19WKHÀQGLQJVRQWKHGLIIHUHQFHVEHWZHHQULJKW
and left ears represent an important aspect related to 
the immaturity in dichotic hearing ability.
$QRWKHUSRVVLEOHLQWHUSUHWDWLRQRIRXUÀQGLQJVZRXOGEH
WKDWFKLOGUHQZLWK6/, DFWXDOO\H[KLELWDGLVDGYDQWDJHRI
the left ear compared to the right ear rather than exhibit a 
right ear advantage.22
7KHGHÀFLW IRXQG LQ WKLV VWXG\ IRU WKH OHIW HDU LQ WZR
EHKDYLRXUDOWHVWVFRPELQHGZLWKWKHGHÀFLWLQWKHWDVNRI
temporal auditory processing manifested in the pattern of 
IUHTXHQF\WHVWVHHPVFRQVLVWHQWZLWKWKHK\SRWKHVLVRIDQ




:H NQRZ WKDW WKH DGYDQWDJHV SUHVHQWHG E\ ZKDWHYHU
HDUPD\ UHÁHFW IXQFWLRQDO GLIIHUHQFHV EHWZHHQ WKH EUDLQ
KHPLVSKHUHV+RZHYHUWKLVFRQFHSWKDVEHHQGHVFULEHGLQ
WKH VSHFLDOL]HG OLWHUDWXUH E\ GLFKRWLF EXW QRW E\PRQRW-
LFWDVNV7KHÀUVWDSSOLFDWLRQVRIWHVWVXVLQJ´VSHHFKZLWK
QRLVHµSHUIRUPHGE\6LQKD24 UHSRUWHGGHÀFLWV LQWKHHDU






the left ear in the dichotic test – plus the abnormal perfor-





house and Bishop28 found some evidence that children with 
6/,PLJKWKDYHWKHIXQFWLRQRIODQJXDJHODWHUDOL]HGWR5+28 
7KDW LVRXUÀQGLQJVFRXOGFRUURERUDWHWKH LPSRUWDQW ODQ-
JXDJHGHÀFLWGLVSOD\HGE\WKHVHFKLOGUHQ
,Q IDFH RI WKH K\SRWKHVHV SUHVHQWHGZH FDQ FRQVLGHU
WKDWWKHSRVVLEOHFDXVHVRIDV\PPHWU\EHWZHHQHDUVIRXQG
RQO\LQFKLOGUHQZLWK6/,PD\EHUHODWHGHLWKHUWRDPDWX-
rational delay – especially in regard to the interhemispheric 
WUDQVPLVVLRQFRUSXVFDOORVXP²EXWDOVRWRDQLPSDLUPHQW
LQ5+ZKLFKZRXOGKDPSHUWKHHIÀFLHQWSURFHVVLQJRIVSHF-
tral information contained in the speech stimuli.
7KXVRXUUHVXOWVVXJJHVWWKDWWKHQHXUDOSURFHVVHVWKDW
underlie auditory processing disorders may differ between 
auditory and language processing change. 
Conclusion
,Q WKLV VWXG\ FKLOGUHQZLWK 6/, H[KLELWHGSRRUHUSHUIRU-
mance on the auditory processing abilities compared to 
FKLOGUHQZLWK$3'DQG7',QDGGLWLRQRQO\FKLOGUHQZLWK
6/, VKRZHG ODWHUDOLW\ HIIHFW VXJJHVWLQJ WKDW GLIÀFXOWLHV
with language processing found in these children are re-
ODWHGWRSRVVLEOHGHÀFLWVLQLQWHUKHPLVSKHULFWUDQVPLVVLRQ
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